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This  report  summarizes  <n  useful  fora  a development  over  the  Last  tvo  years 
which  has  culminated  In  a.  very  flexible  and  high  speed  system  of  directing 
u cord-program  electronic  computor.  The  system  permits  two  instructions  per 
cycle  to  be  completed  and  a vide  range  of  transcendental  functions  to  be 
computed  In  a fraction  of  a second.  The  work  was  carried  out  under  Project 
NCL-Re9a-108-l-53>  entitled  "Aerodynamics  and  Fluid  Mechanics . " The  results 
have  made  possible  the  automatic  solution  of  p vide  variety  of  problems  In 
connection  with  ordnaroe  research  and  development. 


EDWARD  L.  WOODfAR D 
Captain,  USJI 
Conmander 


H.  H.  KURZWBG,  Chief 
Aeroballiatic  Research  Department 
By  direction 
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MANUAL  OF  PROGRAMMING 
J'OR  TT3E  CARD- PROuRAJWED  CALCUTV.TOR 


I IITIRODUCTION 

The  presentation  of  t.  mathematical  problem  to  a con^TUttEg  instrument 
consists  of  the  steps: 

1.  Problem  creation  and  recognition. 

2.  Detailed  problem  definition  in  complete  end  condensed  mathematical. 

form. 

3.  Application  of  the  mithods  of  numerical  analysis  to  establish  specific 
computational  formulae  which  will  yield  numerical  approximations  to  that  mathe- 
matical ora  and  will  assure  an  economy  of  procedure  ccamensurate  vith  the 
accuracy  required. 

4.  Translation  of  the  resulting  discrete  statement  of  the  problem  into 
sequences  of  algebraic  steps  which  are  connected  together  by  means  of  branch 
operations  which  depend  on  the  computed  outcome  of  preceding  sequences. 

5.  Formulation  of  a logistical  pattern  of  storage  to  assure  availability 
of  the  basic  input  and  of  the  intermediate  results  which  occur  at  every  step  in 
the  sequence  of  computation. 

6.  Formulation  of  a useful  arrangement  and  pattern  of  presentation  of  the 
important  results. 

7.  Translation  of  the  individual  algebraic  steps  and  branches  into  code, 
which  is  the  language  to  which  the  computing  instrument  responds. 

Although  all  of  these  steps  may  be  considered  by  a problem  programmer,  the 
outline  herein  is  confined  chiefly  to  steps  5,  6,  and  7,  with  a few  remarks  on 
step  4.  This  i6  in  consideration  of  the  main  intention,  which  is  to  provide  a 
6hort  manual  of  coding  principles  applicable  to  the  Card- Programmed  Calculator, 
Model  II,  as  it  is  controlled  by  the  so  called  General-Purpose  Double-Operation 
Function  Panel,  developed  in  the  Naval  Ordnance  laboratory. 

Accordingly  much  of  the  material  is  presentee  in  the  form  of  directions  to 
the  programmer,  beginning  at  a stage  in  the  problem  development  somewhere  between 
steps  4 uad  5 above.  At  this  fcage  a ystematlc  record  of  the  algebraic  rjjd 
other  steps  in  the  sequence  is  produced  and  corresponding  codes  are  assigned. 

This  record  is  the  program  sheet,  shown  ae  attachment  l)  From  it,  the  actual 
instruction  and  data  cards  to  be  fed  into  the  nachine  are  prepared,  an  in- 
struction card  design  is  shown  In  attachment  2). 


II  DESCRIPTIONS 

1.  The  Card 

1.1  The  basic  operating  unit  of  IBM  machines  is  the  IBM  punched  card,  which 
may  contain  both  coded  instructions  and  data  in  the  form  of  punched  holes.  The 

card  has  80  vertical  columns,  each  vith  12  punching  positions,  one  each  for  the 

| uigits  0 to  9,  an  11  or  X position,  and  a 12  cr  Y position.  A blank  column  is 

* Interpreted  as  a zero.  The  card  is  divided  into  sections,  or  groups  of  columns 
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called  fields;  these  define  portions  of  the  card  in  which  information  of  a 
certain’  kind  will  always  appear 

1.2  For  use  with  the  General  Purpose  Panel  the- card  is  divided  into  10  fields. 
Fields  numbered ' 1- 7 are  for  data  and  include  respectively  -columns  3-10,  27-35* 
36-44,  45-53,  54-62,  63-71,  and  72-60.  In  fields  2 to  ? the  first  8 columns 
are  for  digits  and  the  ninth  column  is  the  sign,  blank  .or  zero  punch  for  a 
positive  sign,  "9"  punch  for  a negative  sign.  In  field  one,  column  3 is  the 
sign- column  and  the  seven  columnar  4 to  10  are  for  digits.  These  seven  card 
fields  may  all  be  used  at  the  same  time. 

1.3  Columns  13-26  are  allocated  Tor  instruction  coding. 

1.4  Columns  11  and  12  are  allocated  for  sequential"  card  numbering. 

1.5  Columns  1 and  2 are  for  the  identification  of  the_ problem,  called  a project 
number  or  MARK  number . Every  card  used  in  connection  with  a problem  must  have 
this  project  number  punched  in -it.  Columns  1 and  2 are  not  read  by  the  machine. 

2.7  The  Program  Sheet 

The  program  sheet  is  a detailed  layout  of  a calculations.  This  is  a form 
consisting  of  pairs. of  wide  and  narrow  horizontal  spacings.  Each  such  pair  is 
called  a liner  In  the  wide  spacings,  the  algebra-corresponding  to  each  compu- 
tation step  is  written  by  the . programmer . Immediately  above  this,  within  the 
corresponding  narrow  spacing,  the  programmer  can  then  code  the  actual  decimal 
digits,  c orr e spondd ng  to  that-  algebra,  to  the  Tine  number,  and  to  the  other 
identification  he  chooses  to  be  .useful;  -Thue  each  line  should  contain,  the  codes 
to  be  punched  in  one  card  for  the  algebiat : nd  arithmetic  n^nipulations  which 

that  card  will  cause  the  calculator  Lo  perform,  and  the  numerical  values  to  be 
read  into  the  registers  from  that  card. 

3."  The  Components  of  the  Card -Programmed -Calculator 

3 .1  The  four  basxc^coinponents  of  the '(ku:d- Programmed  Calculator  are:  one  type 

412  Accounting.  Machine, _one  type  625  Electronic  Calculator  Unit,  one  type  52? 
Gang-oummary  punch  Machine  and  one  type  91*!  Auxiliary ' storage  Unit,  (bee  at- 
tachment 3-  ) 

The  functions  of  the  individual  components  are  as  follows: 

3-2  The  412  Accounting  Rxchine  serves  as  card-reader,  printer,  electromechanical 
storage  and  control.  Through  its  selector  and  comparing  relay  circuits,  all 
coded  instructions  are  translated  into  individual  actions  (e.g.,  operations 
for  the  605  calculator,  summary  punch  orders  for  the  527,  orders  for  printing, 
spacing,  shifting,  etc.). 

/ill  input  data  is  read  into  the  Card- Programme- .1  Calculator  by  way  of  the 
412  machine.  Four  fields  of  this  data  may  be  send  directly  from  the  card  ir. ' •> 
four-storage  units  of  '!«  412.  simultaneously,  three  operands  of  data  may  be 
read  into  chree  regi  ters  of  the  605  electronic  unit  from  the  card.  There  is 
a total  of  seven  storage  units  in  the  412  machine  but  only  four  of  these  may 
receive  information  directly  from  the  card.  Each  of  the  seven  units  can  receive 


NAVCKD  hep art  2755 


resrlt;;  from  the  605  via  channel  "C"  (Cee  attachment  i).  store  them,  and 
transmit  them.  back  into  the  605  registers  via  channels  "A"  and  B”  for  later 
use.  Six  of  these  units  ha'">  nine  positions  of  storage,  eight  for  digits 
and  one  for  tn.e  sign,  One  unit  has  seven  positions  for  digits  and  one  for 
sign. 

3.3  The  }4l  auxiliary  storage  ur.it  consists  of  sixteen  electromechanical 
registers  vr.ich  receive  numbers  from  channel  "C"  and  transmit  numbers  to 
channels  A"  and  ’B.’  Bach  register  has  nine  positions  of  storage,  eight 
for  digits  and  one  for  the  sign. 

3.4  The  60p  electronic  calculator  unit  ubes  electronic  circuits  to  perform 
the  operations  called  for  b.,  Instruction  cards. 

t.4.1  With  each  card  cycle  of  the  412,  the  605  unit  completes  sixty  consecutive 
electronic  programs,  each  one  of  which  can  be  used  to  perform  a simple  operation 
such  as  a division,  multiplication,  shift,  transfer,  etc.  By  the  selection  of 
groups  of  these  programs,  the  performance  of  the  605  can  be  varied  from  card 
cycle  to  card  cycle.  This  -selection  is  made  by  the  412  which  translates  the 
punched  instruction  code  into  a selector  (relay)  configuration  which  is  used  to 
suppress  or  alter  programs. 

3.4.2  The  arithmetic  unit.  Interprets  a sequence  of  eight  digits  in  any  register 
or  stcr.ige  as  a decimal  numoer  with  the  decimal  point  occuiring  after  the  high 
order  digit,  i.e.,  a sequence  of  eight  digits  XXXXXXXX  is  Interpreted  as  X.XXXXXXX. 

3.4.3  Normally  after  the  sixtieth  program  is  completed,  the  412  reads  another 
card  and  the  process  is  repeated,  but  by  energizing  the  program  repeat’  device, 
the  605  will  continue  to  recycle  through  the  sixty  programs  until  the  device  is 
suppressed.  This  device  is  used  for  producing  transcendental  functions  which 
are  computed  in  the  form  of  power  series  and  each  term  is  developed  by  a sweep 
of  sixty  programs. 

3-4.4  ■Hie  electronic  storage  registers  of  the  605  unit  have  been  arranged  to 
form  four  eight  position  registers.  Three  of  these  are  "read-in"  registers  for 
the  operands,  U,  V,  and  W.  The  fourth  is  .1  read-out  register  for  the  intermediate 
result  Y.  The  filial  result  Z is  read  out  of  the  arithmetic  unit  of  the  605. 

Either  one  of  these  results  may  be  sent  via  channel  ”C"  to  a storage  unit. 

3.4.5  For  the  read-ir.  registers  in  the  605  two  channels  ( „ ' and  L")  are 
provided  to  transmit  umbers  from  the  412  and  9^1  storages  of  the  n*d - Pr ogmrx-c d 
Calculator.  Operand  V is  read  via  channel  "A"  and  operand  V or  W is  read  via 
channel  "B."  Only  one  channel  serves  both  V and  W.  Hence,  it  is  not  possible 

to  call  quantities  from  these  storages  into  both  V and  W on  the  same  cord  cycle. 

3.4.6  Another  facility  of  the  605  is  the  balance  test  unit  which  tests  the 
sign  of  t!.  resurt  of  0 calculation.  On  the  oasis  of  . ne  result  of  this  test, 
the  6Cp  cr.  . then  supp  js  or  permit  subsequent  operation  for  the  control  of 
sub-routines,  that  is,  the  test  car  cause  the  suppression  of  operations  coded 
on  a set  of  lnotruct.on  cards. 

3-5  The  5?7  punch  machine  is  used  to  punch  results  on  cards.  These  can  oe  used 
as  Input  uaui  cords  f~r  new  phases  or  iteration,  of  problems.  The  contents  of 
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ary  of  the  1*12  stories  ar.d  of  the  605  registers  W,  Y,  and  Z can  he  punched 
simultaneously  In  a new  card.  This  action  is  controlled  by  a coded  instruction 
read  by  the  412. 

4.  The  Tsleplotter 

4.1  The  Teleplotter  is  a digital  plotting  device  that  will  convert  a digital 
input  of  point  coordinates  to  an  (x,y ) plotting  head  position  by  actually 
counting  the  lines  on  the  graph  paper.  Hie  essential  components  of  the  Tele- 
plotter are  a flat  plotting  area  on  which  is  placed  the  coordinate  paper;  a 
plotting  head  which  travel*  in  two  orthogonal  directions  and  covers  the  entire 
field  of  the  plotting  area;  one  decimal  electronic  accumulator  for  each  axis; 
end  the  necessary  control  elements . 

4.2  Although  the  Teleplotter  is  not  an  IBM  machine,  it  has  been  built  to  work 
in  conjunction  with  such  machines.  When  it  is  connected  with  the  CPC  the 
operation  of  the  Teleplotter  is  automatic  and  is  under  the  control  of  the 
instruction  cards  passing  thru  the  CPC.  Hie  proper  instructions  will  cause  a 
transfer  of  numbers  from  a CPC  storage  to  the  Teleplotter  memory;  plotting  of 
the  desired  point  will  proceed  automatically  while  the  CPC  is  continuing  with 
further  calculations. 

Ill  ACTION  AND  INTERRELATION  OP  HIE  PARTS*.  A.  INPUT 

5.  Addresses  __ 

5.1  Addresses  are  the  codes  by  which  operands  are  read  into  the  registers 

U,  V,  and  W and  by  which  results  are  directed  to  the  mechanical  storage*  for 
later  use. 

5.1.1  The  address  code,  or  more  singly  the  address,  consists  of  two  digits 
which  are  punched  in  columns  14-15,  17-18  and  20-21  when  referring  to  the  U, 

V,  a^d  W operands  respectively;  and  in  columns  22-23  when  directing  a result 
to  mechanical  storage. 

5*3 .1.1  A storage  address  in  columns  22  and  23  normally  indicates  that  Z is 
to  be  stored.  However,  an  "X"  punch  in  the  units  position  of  the  storage  address 
(column  23)  causes  Y to  be  stereo.  and/or  printed  instead  of  Z.  (See  9.1.5) 

5. 1.1. 2 The  final  card  In  the  412  card  feed  vill  not  store  a result. 

5-1.2  Addresses  are  of  four  »/eneral  types:  those  refcrr^iig  to  the  412  and 

94l  electromechanical  btorages,  the  electronic  storages,  and  the  fields  5,  6, 
and  7 of  the  card. 

5*2  The  9'il  storage  contains  two  bdnko  of  eight  registers  eu  h.  The  address 
coder,  are  11,  12,  ...  18  (for  bank  1)  and  21,  22,  ...  28  (for  bank  2).  These 
ivo  digit  numbers  may  ^.e  the  addresses  for  the  operands  U,  V,  and  W via  channels 
"A"  oiid  ”B"  ar.d  for  storing  the  results  Y ox  7.  via  chanr-I  "C." 

;.2.1  These  storage  un<t6  always  ”-e3ct  to  zero  Just  before  a number  is  reud 
nto  them. 
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5.2.c  A number  must  not  be  recalled  from  a 9^1  storage  unit  prior  to  the  third 
card  following  the  card  on  which  it  vna  addressed  to  that  storage  unit. 

5-3  The  -'2  counter  storage  responds  to  addresses  71,  72,  ...  77  These  are 
to  be  used  for  sending  Y or  2 to  storage  via  channel  ”C,"  and  for  entering  the 
U,  V,  and  W registers  via  channels  "A”  and  "B"  without  resetting  the  corresponding 
storage  units. 

5.3.1  8l,  82,  ...  87  control  the  same  respective  unit6.  but  are  used  for  U,  V, 
and  W,  in  place  of  71,  72,  ...  77  to  cause  resetting  of  the  unit  after  it  hno 
read  out. 

« 

5.3.2  A nurber  must  not  be  recalled  from  a 412  storage  unit  prior  to  the  second 
card  following  the  card  on  vhich  it  was  addressed  to  that  storage  unit. 

5.3.3  The  counters  in  the  412  storage  are  wired  to  accumulate  positive  numbers 
only. 

5.3.4  Results  may  be  read  into  the  same  412  storage  unit  on  successive  cards. 

5.3*5  In  order  to  read  from  a single  412  storage  unit  into  two  operand  registers 
on  the  same  card  and  rcsset,  the  tens  digit  of  both  addresses  must  be  8. 

5*3*6  An  "X"  punch  in  column  13  will  cause  values  punched  in  the  first  four 
card  fields  to  read  simultaneously  and  directly  into  the  412  counters  ?1>  72, 

73,  74.  This  is  called  spread  entry  loading  or,  less  formally,  spread  reading. 

5. 3. 6.1  Spread  read  quantities  may  be  addressed  Immediately  on  the  next  card. 

5- 3*6. 2 Results  may  not  be  stored  in  counters  71-74  on  a card  immediately 
preceding  a spread  entry  card.  (See  also  9*1*^) 

5*3*6. 3 Addresses  71-74  and  8l-84  may  not  be  used  in  U,  V,  and  W on  a card 
with  a spread  entry. 

5.4  Three  addresses  are  used  to  recall  information  from  electronic  storage. 

5.4.1  49:  Read  the  preceding  Z result  into  any  of  U,  V,  and  W. 

5.4.2  39:  Read  the  preceding  Y result  into  any  of  U,  V,  and  W. 

5*4*3  99,  tor  V,  and/or  W:  Use  the  values  for  V and/or  W which  were  used  in 

the  previous  card  cycle.  (See  also  6.2.4) 

5.4.4  The  electronic  storage  registers  in  which  the  U,  V,  and  W operands  arc 
placed  are  reset  automatically  every  card  cycle  except  when  the  retention  code 
99  is  uGed. 

5*5  09:  R*ad  the  U,  V,  and/or  W values  from  tr.c  corresponding  cord  fie 

(”'elds  5,  f , and/or  7-) 

5.5*1  The  card  field  takes  precedence  over  any  other  address.  Th< 
punched  in  field:.  5,  6,  or  7 will  disturb  any  read  In  other  than  09. 


5 


NAVDRD  Report  27S5 


>.5.?  A blank  In  the  W address  behaves  as  09 . U and  V addressee  must  be 
coded.  (See  also  7.1) 

3.6  T"vle  of  Sources  which  each  operand  register  nay  accept: 


Types  of  Sources 

Register 
U V 

W 

Ad dre as  Code 

Card  fields  5>  6,  and/or  7* 

F5  P'6 

FT 

09 

Any  2 numbers  in  the  412  or 
9M.  storage. 

0 0*  or 

s* 

11-18;  21-28;  71-77 

Preceding  Y result. 

Y Y 

Y 

39 

Preceding  Z result. 

Z Z 

z 

49 

V and/or  W operand  of 
preceding  (retained  in 
electronic  registers). 

v 

V 

99 

5.6.1  *When  one  of  these  two  operands  is  supplied  from  mechanical  storage,  the 
other  must  be  read  from  the  card,  be  retained  unaltered  from  the  previous  line, 
or  be  obtained  from  one  of  the  two  previous  results . Both  may  not  come  from 
mechanical  storage.  (See  3.i*-5)  (See  also  5.8) 

5-7  Certain  of  these  addresses  nay  be  modified  in  several  ways. 

5.7*1  An  "X  punch  in  the  units  position  of  all  addresses  except  99  serves  to 
reverse  the  sign  of  U,  V,  and  W operands. 

5.7.2  To  obtain  a positive  absolute  value  of  a quantity,  read  the  quantity 
from  storage  with  its  sign  reversed  and  punch  a "9”  (minus  sign)  In  the  sign 
column  or  the  corresponding  U,  V,  or  W field  of  the  card.  To  obtain  the  negative 
absolute  value  of  a quantity,  read  that  quantity  from  storage  Into  U,  V,  or  W 
cr.d  pur.ch  a "9"  (minus  sign)  in  the  sign  column  of  the  corresponding  U,  V,  or 

W field  of  the  cord. 

5.7.3  A "Y"  punch  in  the  10' a position  of  all  addresses  except  99  will  6hift 
U,  V,  and  J one  place  to  the  left,  effectively  multiplying  that  operand  by  10 
before  entry  into  the  electronic  registers  for  computation. 

5.8  To  facilitate  programming,  provision  has  been  made  for  permutation  of 
operands  after  they  are  read  in  but  before  they  are  computed  on. 


r, 

I 

*" 1 


6 
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3.6.1  Table  of  Fermutations 


‘iypg 

of 

Action 

Contents  of  registers  after 
operands  have  been  permuted, 
but  before  state  of  arithmetic 
operations 

Code 

ColUELl  13 

none 

U 

V 

v 

none 

u -> 

v, 

V 

u 

V 

u 

w 

1 

u -* 

V, 

V — » 

V,  w — > u 

w 

u 

V 

2 

u 

W, 

w -> 

u 

w 

V 

u 

w> 

u -» 

W, 

V -4 

U,  W ->  V 

V 

V 

u 

4 

v -* 

W, 

w -> 

V 

u 

w 

V 

5 

5.6.2  Contents  of  registers  remain  In  their  permuted  arrangement  after  the 
arithmetic  operations  have  been  performed. 

5.6.3  On  the  program  sheet  it  is  customary  to  write  the  algebra  in  the  permuted 
arrangement,  although  the  addresses,  of  course,  are  written  and  punched  in  the 
read  in  arrangement . 


5.9  Special  Storage  Reset  Codes 

5.9.I  To  reset  the  9**1  storage,  two  cards  are  needed  for  any  one  bank j 


..1.1 


bank  1 (storages  Il-l6) 


Card 

Code 

Column 

22 

1. 

1 

2. 

X 

(stor*g*s  • 

21-28) 

Card 

Code 

Column 

22 

1 

<L 

2 

X 

5. 5. 1-3  These  four  cards  can  be  condensed  to  three.  (cee  5-9-3) 


c.9.2  An  'X"  punch  in  column  19  i-  used  to  recet  all  the  412  counters 
8 i reultaneously . 


j 

F 

«ab*r 
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5. 9. 2.1  It  is  permissible  to  clear  the  **12  storage  with  an  "X"  punch  in 
column  19  anu  on  the  came  card  stor«.  a result  in  the  ki2  via  channel  'C.“ 

5.9.3  All  9^1  storage  and  412  counter  unite  are  reset  before  starting  a 
calculation,  or  at  any  place  in  the  sequence,  by  using  three  cards: 


Card 

Column  19 

Code 

Column  22 

Jk. 

1 

2 

X2 

3 

X 

X 

6.  Algebraic  Operations 

6.1  The  CIC  Model  11  performs  two  algebraic  operations  with  three  operands  on 
each  card. 

6.1.1  The  first  operand,  called  U,  can  be  combined  with  the  second  operand, 
v.  to  produce  the  first  result,  Y.  Y any  be  combined  with  the  third  operand, 
W,  to  produce  the  second  result,  Z.  Either  Y or  Z any  be  stored  and  printed 
(via  channel  VC"),  and/or  sunmary  punched;  both  nay  be  retained  as  operands 
in  the  next  computing  step. 

6.1.2  The  first  operation  code  io  a single  digit  which  is  punched  in  column 
l6.  The  second  operation  code  may  consist  of  3 . ?,  or  3 digits,  all  punched 
in  column  19. 

6.2  Thble  of  Algebraic  Operation  Codes 


Name  of  operation 

Symbol 

Code 

Column  ]6 

Column  19 

Transfer  U to  Y 

1 

Add  (algebraically ) 

+ 

2 

2 

Divide  (normal) 

/ 

3 

3 

divide  (inverr.eA) 

\ 

k 

Multiply 

• 

5 

5 

Extract  square  root  of  "W" 

6 

6-c.l  To  subtract  reverse  the  sign  of  the  operand  and  add,  using  operation 

code  (2). 


8 
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6.2.2  Two  divisions  (whether  direct  (3)  or  inverse  (4))  cannot  be  performed 
on  the  came  card  cycle. 

6.2.1  A division  may  not  be  performed  or.  the  some  line  with  (6),  the  square 
root  of  W.  (bee  6.2. 3.1  arid  6. 3*4.2) 

6. 2. 3.1  When  the  second  operation  calls  for  the  square  root  of  W (6)  ii.nd  the 
first  operation  is  coded  ac  division  (3),  the  dividend  will  be  the  number  in 
register  W (rather  than  U). 

6.2.4  The  operand  in  register  V cannot  be  retained  for  use  on  the  next  line 
of  programming  if  the  second  operation  is  a square  root.  It  is  replaced  by 
the  final  value  of  the  square  root. 

6.2.5  Correct  performance  require;,  that  two  operations  bo  always  coded  on  a 
card. 

6.3  It  is  possible  by  the  use  of  the  following  substitution  codes  to  vary  the 
operands  of  the  second  operation. 

6.3.1  Table  of  Substitution  Codes 


Name  of  operation 

symbol 

Code  in  Column  19 

♦Substitute  V for  Y 

V 

7 

— 

♦Substitute  Y for  W 

Y 

8 

6.3.2  ♦'Biese  substitutions  do  not  affect  the  contents  of  the  V,  Y,  or  W 
registers  but  only  the  way  in  which  these  operands  are  associated  during  the 
second  operation  in  a card  cycle. 


6.3.3  In  a Y for  W substitution  (8),  a W addressed  operand  is  read  in  tut  the 
operation  is  entirely  independent  of  it. 

6.3.4  Table  of  Permissible  Associations  of  Operands 


1st  operation 2nd  operation 

U * V = Y Y * W = Z 

V • W = Z 
Y-  Y * Z 
V-  Y = Z 

«Tw  • L 

VT  - z 


Substitution  Code 
Column  19 

(normal  mode) 


7 

6 


7,  C 


U - V ■ Y 


( normal  mo-;  ? ) 

8 
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6. 3.4.1  No  substitutions  are  possible  in  the  first  operation. 

6.3.V»2  When  the  second  operation  is  the  square  root  of  Y (6,8)  the  first 
operation  may  be  the  division  of  U by  V (.?)• 

6.4  A second  variation  in  the  algebraic  operations  is  the  shift  right  of 
results  Y and/or  Z,  effectively  multiplying  by  a positive  integral  power  of 
l/lO  and  rounding. 

6.4.1  fable  of  .shift  Right  of  Results 


Type  of  Action  

dhift  Y 1 place  to  right  (xlO-i)  — . 
shift  Y 2 places  to  right  (;<10“^) 
Shift  Y 3 places  to  right  (xl0-3) 
Jfcift-  Z 1 place  to  right  (xlO'1) 
shift  Z 2 places  tc^  right  (xlO"1') 
Shift  Z 3 places  to  right  (xlO“J) 


Column  Code 


13  9 


13  6 

13  7 


24 


6.4.2  .The  shift  takes. place  Immediately  as  a part  of  the  first  or  second 
operation.  In  the  case  of  Y,  the'  shifted  Y then  enters  the  second  operation. 

6.3  The  following  properties  of  the  machine  should  be  noted. 

6.5.1  Tiie  arithmetic  suit  interprets  a. sequence  of  eight  decimal  digits  as  a - 
number  in  decimal "notation  with  the  decimal  point  occurring  immediately  after 
the  first  digit,  i.e.,  XXXXXXXX  is  interpreted  as  X.XXXXXXX. 

6. 5.1.1  Numbers  going  into  and  out  of  the  electromechanical  storages  must  be 
regarded  in  this  way  also.  One  exception  is  storage  71,  which  has  no  units 
position  and  must  therefore  be  treated  _ao  ± O.XXXXXXX.  There  is  a plug  on  the 
pid*ry-hacK  portion  of  the  control  panel  by  which  the  sign  control  of  this 
storage  may  oe  disconnected.  With  the  sign  control  off,  71  me. y be  used  for 
storage  or  positive  nunoers  only,  + O.XXXIOax,  find  column  j"  may  be  used  as  an 
additional  column  for  cara  i dent if ication . With  the  sign  control  on,  any  non 
zero  digit  punched  in  column  three  will  cause  the  contents  of  71  to  be  negative. 

6.5.2  If  any  result  Y or  Z exceeds  V - ))'//■  but  is  less  than  100,  the  first 
digit  on  the  left  will  normally  be  truncateu.  However,  one  and  only  one  such 
overflow  digit  on  the  left  may  be  salvaged  by  using  the  shift  result  one  place 
right  with  tills  operation. 

6.;.j  If  i .uotient  exceeds  or  e cuals  100,  the  machine  gives  0 as  a result. 
b.y.4  Division  by  v gives  0. 


]'i 
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6.5.5  The  square  root  of  a riegative  number  will  zero. 

7-  Transcendental  Functions 

i’.l  For  computing  transcendental  functions  the  nrg  ime-nt  is  addressed  as  a U 
operand,  and  the  two-digit  operation  code  is  placed  in  columns  l6  and  19-  V 
ar.d  W uddresses  must  be  left  blank.  Circular  and  hyperbolic  function^  are 
generated  for  radian  arguments  only. 

7.1.1  The  99  code  may  not  be  used  following  a card  on  which  ?.  transcendental 
function  is  called  for. 

7.1.2  The  result  of  a transcendental  function  calculation  is  called  from 
electronic  storage  on  the  next  line  by  a ;*9  code. 


7.2  Tiie  control  panels  are  wired  to  calculate  the  functions  at  electronic 
speed  recursively  by  the  following  series: 


7.2.1  cosu  ♦ .... 


7-2.2  cosh  u ■ 1 + + 4 ^ . .. 

2:  ST  5T 


7.2.; 

sin  u * u - H?.  + ± - HZ  . 

3i  5:  7: 

7.2. !4 

sinh  u = u+.^24.o^^u| 

> 5T  7: 

• • • • 

7.2.5 

e^Uu..  u2  , u3  u** 

2:  3:  57 

• • « • 

7-2.6 

ar  'tan  u • u - ± u*"  4-  ~ u7  - 
3 5 

1 ,.7  „ 

7“  * 

7-1-7 
f - • • 1 

•vretanh  uau4lil-.Hii.ii_ 

' 3 5 T 

— ■ • • • • 

7 • 2 • • •'  In  u s (u  - ].)  - i (u  - l)2  + i (u  - .... 


7.2.9  7:.e  limits  on  the  arguments  are  detemined  by: 

1.  Rate  of  convergence  of  the  series. 

2.  dlze  of  the  resultiiig  function . 

1.  cine  of  the  intermediate  calculations  of  the  series. 


1 


r 


NAVORD  Report  2755 

7.3  Table  ol'  Tran-cendentul  Function  Codes 
Code 

Column  Column  Allowable 


Function 

16 

19 

>Vr, turner 

•t  Run^.e 

Remark" 

OOb 

6 

2 

-iT‘  < u 

<'X0 

range  restricted 

by  u2  *. 

,'in 

S 

J 

->16  < u 

<-CK 

i'  »i 

" " *. 

cosh 

9 

2 

-cosh'^-lC  < u 

< cosh'^-10 

range  restricted 
of  fctn.;  ccsh~^- 
P.9962 

by  value 
10  » 

sinh 

9 

■5 

-sinh“^10  < u 

«<  3lnh-110 

range  restricted  by  value 
of  fctn.;  sinh-1  1C  * 
2.9932 

ex 

7 

5 

(-  < 60  * u < ln^lO) 

lower  range  restricted  by 
u3/3HO;**  upper  range 
restricted  by  value  of 
fctn.;  lne10  = 2.3026 

- ••  i 

— 

exp  2.3025651  = 10 

3 

tan-*- 

c 

7 

-.91  * u « .87 

range  restricted  by  desired 
accuracy**#. 

1 

tanh-i 

9 

7 

-.67  < u < .87 

range  restricted  by  desired 
accuracy***. 

• 

L’’e 

7 

9 

(OJt  c u < 1.9) 

range  restricted  by  desired 

accuracy. 


i 


7.3-1  The  error  in  the  computed  function  for  arguments  within  the  above  range 
i less  than  10'°. 


7-3--  *u  ’ is  stored  ir.  the  electronic  computing  unit  (605)  in  the  course  of 
this  calculation. 

**This  is  the  fourtn  term  in  the  series  representation  of  e’“  used. 


of  series  av'-  summed  until  the  exponent  of  the  argument  reaches 
100,  or  until  a term  of  the  series  is  less  than  5*10'°,  whichever  occurs  first. 


7-4  subroutine..  for  extending  ranges  of  arguments  of  these  functions  may  be 
constructed  frosi  the  following  relations. 

7 • 44  1 sin  x = -sin  ( x - 2,  7?  - tt  ) u un  Intcgcrx  unu 

cou  x * -cos  ( x - i -r  - Tr  ) 

7- *+-2  ar..tan  x = 2 or  tan  ( * /.  .1 •*.  ) / ret  n k < 7 

v / I r , , + x ' , T ^ 


h 

l 


1 
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7.4.3 

arc  sir.  x ■ arc  tar.  x yC 

/n-7'  , 

_TT 

c arc  sin  y.  £ 3- 

"a. 

arccos|xi=  arctan  ( 1 - v ^ /'* . 

c 

<.  arccos  y.  < Z I 
" " X 

. b . •* 

aretanh  x * 2 arctan  x / 

/-  v 777^ 

7 • u • > 

arcsinh  x - orctajih  x /., 

Mh*' 

arccosii  x - aretanh 

In  x = 2 arctard:  ( X - 0/;  ^ + , j 
In  x = r.  in  (x  j 

7-5  Let  arctan  (y  / x)  « > 0 ? f <■  3fe0  ; 

let  arctan  (y  / x)  = Q , '"j"  ' ® , be  the  angle  given  by  the  machinej 

let  t ••  , (t,  i 1 1 • ~ °) 

let  10-2-=  1-80  , 

then  lir2  f ■ (!-&£-  9 * 10  ^ • ; i ' ? /fl-S  "-1  6) 

8.  Branch  Orders 

8.1  It  is  possible  to  test,  and  in  effect  store,  the  sign  of  the  result  of 
a calculation  and  on  the  basis  of  this  test  obey  certain  subsequent  instruc- 
tions and  ignore  others. 

6.2  At  any  instant  one  and  only  one  sign  is  remembered  by  the  machine.  This 
sign  is  remembered  up  to  and  including  a card  vith  a test  instruction. 

8.3  zero  is  interpreted  by  the  machine  as  a positive  number. 

6. a a card  vith  an  -'8"  or  a "9"  code  in  column  26  1b  called  a conditioned 
card.  A sard  which  is  not  conditioned  is  called  an  unconditioned  card. 
card  is  called  a suppressed  card  if  it  is  conditioned  by  an  "6"  and  the 
remembered  sign  i„  positive,  or  if  it  is  conditioned  by  a "9  ' a.-.d  the  re- 
membered sign  is  negative;  this  depends  on  the  history  of  the  machine  preceding 
the  reading  of  the  card.  A card  is  called  an  unsuppressed  card  if  it  is  an 
unconditioned  card  or  if  it  is  a conditioned  but  not  a suppressed  card. 

8.5  The  instructions  of  unsuppressed  cards  are  obeyed. 

8.6  The  computed  results,  (standing  in  the  Y and  Z registers),  ' a particular 
card  are  r.ot  disturbed  when  followed  oy  suppressed  card...  Hence  these  res  sit. 
may  be  called  back  by  39  and  bo  code.,  in  the  address  positions  oi  the  first 
unsuppressed  card  /'ollowlng  this  particular  card  and  on  all  Intervening  c:.:*u.  . 

8.7  On  suppressed  cards  order,  to  read  into  U,  V,  and  W,  to  cl.  .r  tne  *1 
storage  unit,  to  clear  tne  "*1  unit,  to  eject,  to  ..oread  read  or  to  :,j.re.  u 
read  prin^ , (see  9),  are  obeyed.  All  other  orders  are  ignorec 
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6.8  Table  of  Branch  Griers 


Action 

Code  in 
Column  26 

8.6.1  Inspect  and  remember  the  sign  of  the  Y result  of  this 
card. 

6 

0.6.2  Inspect  and  remember  the  sign  of  the  Z result  of  this 
■card . 

7 

0.8>. 3 Suppress  computing,  storing,  punching,  plotting  and 
the  action  of  an  "X"  punch  in  column  26,  (see  9-X.l  sued  9-k0> 
if  remembered  sign  is  positive. 

e 

8.8.4  Suppress  computing,  storing,  punching,  plotting  and 
the  action  of  an  "X"  punch  in  column  26,  (see  “ad  9.4), 

if  remembered  sign  is  negative. 

9 

5.8.5*  .-.top  card  feed  and  suppress  as  in  8.8.3  if  remembered 
sign  is  positive. 

5, 

6 

3.6.6*  otop  card  feed  and  suppress  as  in  8.8.4  if  remembered 
sign  is  negative. 

5, 

9 

6.6.7  suppress  test  of  the  Y result  of  this  card  and  suppress 
as  in  8.3.3  if  remembered  sign  is  positive. 

b, 

8 

8.6.6  suppress  test  of  the  Z result  of  this  card  and  suppress 
as  in  8.8.3  if  remembered  sign  is  positive. 

7, 

8 

8.8.9  Change  remembered  sign  to  positive  and  suppress  as  in 
0.8. 4 if  retiemVored  sign  is  negative. 

6, 

9 

8.6.10  Change  remembered  aign  to  positive  and  suppress  as  in 
6 . 4 if  remembered  sign  is  negative. 

7, 

9 

b.6.11  *Card  feed,  will  stou  when  second  card  following  stop  card  enters  the 
feed.  “ 


b . printing 


?.l  Two  kinds  of  printing  are  possible:  printing  of  a result,  which  occurs 
a card  c>clc  after  the  instruction  “o  print,  and  spread-read  printing,  which 
occur-  on  Ibe  ..ante  card  cycle  as  th>-  instruction  to  print. 


i.l.l  *n  "X"  punch  In  column  do  to -other  with  a print  field  punch  "1"  - "8" 
in  colursi  causes  one  result  Y ?r  Z,  whichever  is  on  channel  "C,"  to  print 
ii  one  of  ■ position.-,  or  print  fields  across  the  page. 
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A n X"  punch  lr.  column  26  also  causer,  quantities  which  are  punched  in 
card  fields  1-4,  if  any,  on  the  following  card  to  print  in  print  fields  1-4. 

4.1.1  .An  "X"  punch  in  column  25  causes  quantities  punched  in  card  fields  i-4 
on  the  same  card  to  print  simultaneously  in  print  field  1-4.  This  1.  culled 
spread  read  printing.  The  quantities  need  not  he  spread  read  into  storage. 

Blank  columns  will  not  print  as  zero. 

9.1.3  An  "X"  punch  in  column  26  followed  on  next  card  oy  an  :,X"  punch  in 
column  2>  will  cause  type  bars  to  rise  only  once. 

9.1.4  a result  to  be  printed  must  not  be  directed  to  print  in  any  of  the  print 
fields  1-4  if  there  ore  punches  in  the  corresponding  card  fields  of  the  fcllovirt 
card,  or  if  the  following  card  is  a spread  entry  card. 

?. 1.4.1  m this  situation  the  machine  would  print,  and/or  read  into  storage 
the  higher  digit  in  every  position. 

9.1.5  Y or  Z need  not  be  stored  with  printing.  However,  it  is  not  possible 
to  print  one  and  store  the  other. 

9. 1.5.1  'Re  final  cord  in  the  4 12  car a feed  will  net  print  a result. 

9.1.6  Table  of  Print  Codes 


Print  in  field 

Column 

code 

25  Column  26 

1 

1 

• X 

2 

O 

X 

: — 

— 

8 

r> 

X.  • 

X 

1-4 

X 

9.2  An  "X"  punched  in  column  24  causes  suppression  of  printing  from  the  type 
bars  vhere  long  hnmmrrlocks  are  raised  when  printing  is  ordered  on  the  same 
card  by  "X"  in  25  or  on  preceding  card  by  "X  ' in  26. 

9.3  A result  Y or  Z may  be  shifted  from  1 to  5 places  to  the  right  to  align 
the  printed  values  around  -i  fixed  decimal  point.  Thi:  coding  causes  truncation 
of  the  printed  result  without  rounding,  but  does  r.cl  affect  storage  of  the 
result,  nor  output  punching,  nor  subsequent  calriil.nt.irsis  using  this  result. 

This  shift  tekes  place  afto-  and  Independently  of  the  right  shift  desciibed  in 
section  6.4. 
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v.3.1  Table  of  Right  Printing  Shifts 


Action 


Code 

Column  2h 


Shift  printed  result  1 place  to  right  1 
Shi,vt  printed  result  2 places  tc  right  2 
Shift  printed  result  3 places  to  right  3 
Shift  printed  result  4 places  to  right  4 
Shift  printed  result  5 places  to  right  5 


9.4  A "l,"  "2,"  or  "3"  punch  in  column  2 6 with  an  "X"  punch  in  column  26  on 

the  same  card  or  an  "X"  punch  in  column  25  on  the  following  card  causes  the 

paper  to  space  1,  2,  or  3 lines  before  printing. 

9.4.1  The  above  codes  arc  suppressed  when  printing  is  suppressed  by  branch 
order. 

0.4.2  A "4"  punch  In  26  will  cause  paper  to  eject  to  a new  page  vlhh  or  with- 
out printing. 

9.4.3  Spacing  and  ejecting  take  place  before  printing. 

9-4.4  Spacing  1-3  lines  will  not  take  place  on  first  print  order  after  card 
feed  of  the  412  unit  has  been  cleared  of  cards. 

9.4.5  An  "X"  in  26  with  no  field  punch  In  25  will  cause  type  bars  to  rise, 

spacing  may  take  place,  and  fields  1-4  of  next  card  may  print,  but  result  will 

not  print. 

9*4.6  Table  of  List  Spacing  Codes 


Action 


Code 

Column  25  Colunti  26 


Space  1 line 

X 

XI 

Card  1 
Card  2 

Space  2 lines 

X 

X2 

Card  1 
Card  2 

r,pnce  3 lines 

X 

X3 

Card  1 
Card  2 

E^ect  page 

4 

with  or  without 

X in  25  or  26 


9-5  Remarks  on  the  412  as  a Printer 

0.5.1  fields  2-7  may  print  8 digits,  a decimal  point,  and  a sign  at  the  right 
of  the  field. 
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Field  one  my  print  7 digit*'  and  a sign  at  the  lei't  of  the  field.  The 
sign  02  field  one  does  not  print  on  set  up. 

Field  8 nay  print  8 digits  and  a sign,  or  7 digits,  decimal  point,  and 
t.  sign. 

Q.?.?  Tn  fields  2-4  the  deciracl  must  remain  fixed  'in  the  second  printing 
position,  but  the  digits  my  be  displaced  to  the  right  or  left  by  moving  the 
plugs  on  the  piggy  back  portion  of  the  112  control  panel.  In  fields  5-8  the 
position  of  the  decimal  may  be  changed  by  moving  the  plugs  or.  the  piggy  back. 

9-5*3  Long  or  short  hammerlocks  may  be  raised  over  any  individual  type  bar 
to  prevent  printing  In  that  position.  Short  hammerlocks  prevent  all  printing. 
Long  hanmerlocks  are  controlled  by  a coded  instruction. 

9.5.4  Zero  suppression  levers  may  be  raised  to  suppress  printing  of  zeros  to 
the  right  within  a field  and  may  be  linked  to  force  zeros  to  print  to  the  left. 

10.  Plotting 

10.1  A "Y"  punch  in  column  2 6 will  cause  plotting  of  a point  whose  x and  y 
coordinates  are  stored  In  412  storage  76.  The  first  four  digits  represent 
x and  the  last  four  digits  y. 

10.1.1  It  is  not  possible  to  use  both  plotter  and  susmary  punch  on  the  sane 
run. 

10.1.2  The  ”Y"  punch  may  be  on  first  card  after  storing  in  76  or  later. 

10.1.3  A blank  card  (l.e.  no  Instructions)  must  follow  each  card  vhich  orders 
plotting. 

10.1.4  Only  positive  coordinates  may  be  plotted. 

10.1.5  Four  scale  factors  are  available  for  either  axis  indepcudcntly •. 

Scale  factor  1 means  head  moves  1 space  per  count  of  the  number  being  plotted 

" " 2 " per  2 counts 

" " 4 " per  4 counts 

" " 5 " per  4 counts 

10.1.6  ltie  origin  may  be  selected  on  either  axis  independently  by  setting  it 
manually  into  tne  four  x and  the  four  y reset  selector  switches. 

10.1.7  Plotted  points  must  be  at  least  2 cm.  from  margins  of  paper. 

10.1.8  The  maximum  plotting  area  of  the  table  top  is  26  inches  by  54  inches. 

10.2  Consideration  must  U giver,  to  scaling  the  coordinates  of  points  to  be 
plotted  in  order  to  obtain  t.  graph  of  the  desired  dimensions. 

10. 2.1  We  shall  interpret  t^e  sequence  of  four  digits  representing  x as  an 
integer.  We  intr.Ju-e  the  following  notation: 
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x is  largest  value 

x,,  is  smallest 

x - x„  : r (range  of  x) 
e f x 

lO.-5.?  Select  a suitable  multiple  of  100  Just  smaller  than  xf.  Call  it  xq 
and  subtract  It  from  all  x values.  Coll  these  x. 

10.2. 3  The  smallest  division  on  the  paper  is  a millimeter.  Decide  how  many 
millimeters  the  graph  is  to  cover.  Call  this  d.  (N.B.  Maximum  d on  vertical 
scale  is  460  tan.  for  the  stock  paper.  Ih.e  horizontal  scale  may  cover  1350 
mm . ) 


10.2.4  Divide  r + x - x bv  d.  Call  this  k. 

x f o 

10.2.5  If  k > 0.5,  scale  factor  is  1,  2,  4,  or  5,  whichever  is  next  greater 
than  k.  If  k is  not  near  the  scale  factor,  the  graph  will  extend  only  partly 
over  the  region. 

10.2.6  If  k < 0.5,  scale  factor  is  1.  If  it  is  desired  to  enlarge  the  graph, 
calculate  l/k  and  program  a multiplication  of  all  5c  by  2,  5,  or  10,  whichever 
is  next  smaller  than  l/k.  Any  other  factors  must  be  used  with  care  since  they 
would  make  a difficult  scale  to  read  and  might  exaggerate  the  significance  of 
the  data. 

10.2.7  store  x in  first  four  positicnu  of  76  if  it  is  the  horizontal  coordinate, 
last  four  positions  of  7 6 if  it  is  the  vertical  coordinate. 

10.2.8  At  the  plotting  origin,  x - x . It  is  convenient  to  have  this  2 cm. 
from  bottom  of  page  and  chosen  so  that  the  true  zero  would  be  on  a heavy  line. 

10.2.9  Instead  of  subtracting  xQ  fro u x and  working  with  x,  it  i»  possible 
to  ret  xo  into  the  reset  selector  switches  and  work  with  x directly.  But  it 
will  still  be  necessary  for  x to  be  always  positive. 

1C. 2. 1C  It  is  possible  to  plot  several  curves  at  one  time  if  a convenient 
constant  can  be  chosen  to  displace  the  curves  and  make  them  distinct. 

11.  ~unrwarv  Punching 

11.1  A "Y"  punched  in  column  26  activates  the  5i_7  output  punch.  A summary 
punch  ccr.tr?]  panel  must  be  wired  and  inserted  into  position. 

11.1.1  Even  if  no  pun  hing  is  to  be  done,  a punch  control  panel  must  be 
placed  in  the  5?7  wltt  the  calculate  switch  wired  on. 

11.?  The  contents  of  any  of  the  412  storages  and  of  the  o0b  electronic 
storages  for  Y,  Z,  and  J can  be  punchers  or.  the  cycle. 
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11. 2.1  Puncniug  from  tne  >*12  .storage  nay  proceed  on  the  next  card  alter 
addressing  a result  to  the  1*12. 

11.3  The  alignment  of  punched  digit  a in  the  fields  of  the  output  cards  is 
not  affected  by  the  shift  code^  of  sections  5*7  and  I.;,  out  it  i.>  affected 
by  the  shift  codes  of  section  h.4.  Output  punching  i ; controlled  by  branch 
order  codes  in  the  r.ume  way  that  printing  and  "toring  is  controlled. 

IV  FLANNING  AND  CHECKING  THE  FROGHA.V 


12.  Identification 

As  a preliminary,  the  programmer  should  ma. ke  a point  of  studying  the 
problem,  breaking  it  into  phases  of  computation  each  of  which  will  be  accommo- 
dated by  the  available  storage.  He  should  plan  in  detail  the  provisional 
format  of  printed  results  desired.  Along  with  this  effort,  the  planning  of 
the  format  of  the  input  data  card  is  to  be  accomplished.  This  format  must 
correspond  to  the  coding  on  the  program  sheet;  hence  in  preparing  such  sheets, 
it  is  important  to  plan  the  pattern  of  identification  of  the  cards. 

Identification  consists  in  an  arrangement  of  the  parameters,  variables, 
and  cycles  which  describe  each  main  part  of  the  problem,  and  is  contained 
chiefly  in  field  1 of  the  cards,  although  it  may  be  included  in  fields  2,  3, 
and  U,  if  necessary. 

Generally  in  this  system,  each  card  will  contain  an  instruction  and  will 
control  two  arithmetical  operations.  An  elementary  set  of  cards  will  represent 
a complete  sequence  of  operations  sufficient  for  computing  all  functions  of 
one  set  of  parameters  and  variables.  The  same  set  of  cards  can  be  duplicated 
automatically  so  that  as  many  sets  may  be  used  to  compute  the  functions  as 
there  are  unique  sets  of  values  of  persiceters  and  variables  in  the  problem. 

Thus  there  will  be  rs  many  elementary  sets  of  instruction  cards  or  kernels 
as  there  are  combinations  of  change  in  parameters  and  variables.  A data  card 
or  a special  set  of  Instruction  cards  is  used  io  change  these  values,  and  are 
usually  inserted  ahead  of  each  standard  set  of  instructions.  Thus  in  between 
each  kernel,  a few  of  these  special  cards  are  inserted. 

Insertion  can  be  carried  out  automatically  on  the  collator  only  if  identi- 
fication is  systematic,  e.g.,  sequential  or  lexicographic  in  nature.  In  general 
the  identification  of  a data  card  should  correspond  with  that  of  the  instruction 
cards  of  a kernel.  Exceptions  are,  however,  possible.  Data  or  special  cards 
are  usually  distinguished  from  kernel  cards;  this  distinction  is  adequately 
provided  by  the  assignment  of  distinctive  line  numbers  (in  card  columns  11  and 
12)  to  each  class  of  card;  e.g.,  ft r> tu*  cards  may  have  low-valued  line  numbers 
and  kernel  cords  high-valued  line  numbers.  Generally,  each  line  number  corre- 
sponds to  a line  on  the  program  sheet. 

Provision  for  proper  identification  in  the  above  fields  in  the  cards  should 
take  into  account  the  peculiar  identification  requirements  of  the  printed  format 
of  the  final  results.  Thu.-  each  line  and  section  of  printed  results  may  need 
several  items  of  identification.  If  there  are  to  be  several  pages  of  results, 
provioion  -hould  be  nv.nc  f sr  identifying  at  the  top  or  botto?.  to  every  r»;;  e t.ie 
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value  of  every  parameter  mid  variable  applicable  to  that  page.  Provision 
likewise  should  be  made  for  printing  the  MAR  (project  number)  or  case  (e.g . , 
ARR  number)  on  every  page.  This  may  be  done  by  proper  insertion  in  the  card 
file  of  special  lata  or  instruction  cards  between  every  twenty  or  sc  kernels. 
Often  the  cards  required  to  produce  one  page  of  results  will  be  sufficient 
for  the  entire  problem,  for  other  pa^es  can  be  produced  with  only  a change 
in  the  leading  cards. 

13.  Program  Tracing 

13.1  In  starting  a problem  on  the  CPC  or.e  or  two  band-computed  or  one  or 
two  special  automatically  computed  pilot  problems  should  he  used  at  test 
case?.  If  there  are  differences  between  expected  results  and  these  test 
cases,  program  tracing  can  be  used  to  detect  the  area  of  the  program  where 
trouble  occurs.  Once  these  cases  are  "checked  out,''  a set  of  cards  from 
the  standard  program  should  be  kept  cn  hand  for  future  testing  of  machine 
reliability  for  that  problem,  and  a program  tracing  of  the  set  of  cards 
should  be  kept  for  ready  reference.  There  also  should  be  prepared  for  ready 
reference  a typical  printed  set  or  page  of  final  results. 

13.2  To  trace  program  and  machine  sequences  a switch  can  be  thrown  causing 

printing  of  each  instruction  code,  corresponding  operands  and  one  result, 
this  is  called  listing  or  setting  up.  It  Is  advisable  to  check  a program 

by  this  method  before  all  of  the  kernels  are  reproduced. 

13-2.1  Columns  3-26  inclusive  piixit  on  the  left  half  of  the  page.  On  the 
right  half  of  the  page,  the  operands  U,  V,  cr.d  W will  print  in  print  fields 

5-7  and  the  Y or  Z result,  whichever  is  on  channel  "C,"  in  field  8.  Fields 

5-7  will  print  7 digits  to  the  right  of  the  decimal.  Field  8 will  print  8 

digits  without  3 decimal.  A minus  sign  will  print  at  the  right  side  of  these 

fields. 

13.2.2  Coded  sign  reversals  ("X"  in  units  position  of  the  address  codes) 

vr.il  print  on  the  letter  R to  the  right  of  the  address  code. 

13.2.3  The  value  retained  by  a y9  code  will  not  print. 

13.2.^  Minus  signs  are  printed  to  the  right  cf  the  number. 

13 -2. 5 Lines  which  conte-^  f"rmutation  ana/or  substitution  codes  print  on 
set  up  with  operand?  In  read  in  locations. 

13.2.6  An  "X"  in  column  19  to  clear  the  entire  ^1°  storage  will  print  C at 
the  extreme  left. 

13.2.7  .?  spread  read  card  will  print  E at  the  extreme  left. 

13.2.8  Column  3 will  not  print  on  set  up. 

lj.C.y  A positive  absolute  value  is  indicated  by  a P to  the  right  of  the 
address  code.  ,1  negative  absolute  value  is  Indicated  by  on  N to  '•'he  right 
of  the  addre  ....  code. 
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Id.  Checking  aixd  Roll  hack 


The  machine  must  not  be  relied  on  to  produce  error-free  computation,  nor 
is  there  any  greater  probability  that  its  errors  vlll  tend  to  be  small  instead 
of  large,  obvious  instead  of  insidious  or  self-converting  rather  than  cumula- 
tive. Therefore  :n  general  all  problems  should  be  run  twice  (preferably  on 
different  machines).  Eovever,  when  there  are  oovious  physical  criteria  for 
judging  results  on  a precise  haul*.-,  or  frequent  analytic  checks  that  cny  be 
programmed  systematically,  reruns  may  not  be  necessary.  An  exception  of 
another  sort  is  net,  when  an  iterative  procedure  is  used,  wherein  snail  errors 
will  be  erased  by  the  iterative  process-  In  tnis  connection  large  errors  may 
lead  to  convergence  on  another  branch  which  may  or  may  not  seem  plausible,  so 
that  tie  nature  of  the  convergence  process  requires  analysis  or  experiment 
for  each  problem.  Another  exception,  where  rerunning  may  not  be  necessary, 
occurs  where  an  index  of  improvement  between  coarse  and  fine  integrations  Is 
computed  and  printed  as  a visual  aid  for  quick  trouble- spotting,  smoothness 
checks  for  certain  problems  may  be  adequate,  but  cannot  be  relied  on  where 
functions  of  more  than  one  variable  are  computed,  or  where  the  differences 
which  are  not  used  for  trouble  spotting  are  too  large  or  too  variable  in- 
herently . 

In  general,  all  automatically  computed  results  should  be  transmitted 
from  the  Applied  Mathematics  laboratory  only  after  complete  checking  has  been 
carried  out. 


Most  computing  equipment  errors  sure  intermittent  and  will  not  repeat 
during  a tracing  program,  so  that  quick  electronic  or  mechanical  repair  cannot 
be  carried  out.  Under  these  somewhat  typical  circumstances,  program  tracing 
is  unprofitable,  and  it  becomes  necessary  to  continue  computation  of  the 
problem  at  the  last  point  where  results  arc  known  to  be  perfect.  To  comence 
automatic  computation  "in  the  middle  ’ of  a large  problem  for  this  purpose, 
a so-called  rollback  procedure  must  be  programmed,  guch  a program  is  designed 
to  store  all  Information  necessary  to  resume  the  calculation  in  the  particular 
storages  that  ore  used  in  the  standard  program  l'or  that  problem.  The  items 
of  this  information  may  be  avullable  in  basic  data  cards  used  In  the  beginning 
of  the  computation,  or  in  the  middle,  or  they  may  have  been  computed  and 
printed,  or  they  may  be  sunnary  punched.  To  insure  that  all  information  which 
is  necessary  to  rollback  a problem  be  available  in  card  form  in  readiness  for 
use,  the  mathematician  nuat  foresee  where  a rollbask  will  start  (say  at  the 
beginning  of  any  printed  page)  end  then  plan  hlo  standard  program  in  _uch  a 
way  as  to  compute  and  ummary  punch  or  print  each  item  ox'  such  Information. 

Of  course,  any  such  item-  which  exi„t  on  the  ;. laniard  data  and  instruction 
decks  need  not  be  re-punched . 


Once  the  necessary  items  are  available,  a standard  rollback  program  and 
deck  of  cards  is  prepared  and  checked  out,  which  will  assign  the  i rtf  err.-,  c ion 
to  storage  locations  which  are  standard  in  the  problem  program;  likewise  this 
rollback  kernel  will  compute  oil  quantities  deriv'd  from  this  basic  lr.foniatio 
and  which  are  stored  in  standard  places  in  the  problem  program.  In  ->hort.  :■ 
rollback  kernel  includes  all  data  and  instruction  cones  necessary  to  provide 

n * t\r\  At'  ctnr*\£*r*  i to  t 1_C!I  *>1*0/ 1*  iU  JT.  ti"  t.  i 

kernel  of  instruction  c-xrds  immediately'  followirq;  it  can  be  used  f.  continue 
the  computation  in  sona.il  fashion,  When  a rollback  kernel  checked  out,  . 
program  tra_  ug  choula  be  iivide  for  future  refer ease.  :snd  - ccr.'  . ^e  ana  . .o-,,  let 
set  of  direction:  for  assembling  t.  c rollback  kernel  should  be  written  out. 
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15.  Outline  of  prcgra-ifting  jteps 

The  programming  steps,  aside  from  problem  formulation  and  numerical 
analysis,  includes  tne  following. 

15.1  Transition  of  the  problem  win  -h  is  stated  in  discrete  terms  into 
seyoenccr.  of  algebraic  tepo,  etc. 

15. 2 Formulation  of  n logistical  pattern  of  storage,  etc. 

1 .3  Formulation  of  a related  and  useful  pattern  of  presentation  of  desired 
results . 

Is.  4 Formulation  of  a rollback  procedure  wherein  all  neccccury  cards  for 
■pedal  data  are  produced  automatically  by  summary  punching. 

IS.  5 Coding  the  above,  in  standard  forms,  on  program  sheets,  and  punching 
ccrrc spending  cards. 

15.6  Establishing  the  data  card  pattern  and  transmitting  this  Information 
to  the  problem  proposers  so  they  can  furnish  appropriately  punched  input 
cards . 

15.7  Pilot  computation,  and  test  decks  construction;  program  check-out  and 
establishment  of  standard  program  trace  for  reference. 

15.8  Establishment  of  standard  printed  page  of  final  results  for  diagnostic 
reference;  this  should  include  identification  interpretation,  and  column 
heading  interpretation,  etc. 

15.9  Preparing  summary  card  format,  in  written  form,  and  summary  control 
panel,  wherever  summary  punching  is  used. 

15.10  Preparing  all  control  panels  which  may  be  needed  in  preparing  the  deck 
of  cards  to  be  used  in  the  Card -Programmed  Calculator,  with  specifications 
for  their  preparation  and  use. 

15.11  When  a problem  is  recurrent  or  of  large  volume,  preparing  explicit 
notes  on  all  the  .above  results  which  are  sufficient  guides  to  allow  processing 
by  any  ether  prerp-usming  or  machine  technician.  These  notes  should  be  created 
first  in  the  norrsil  course  of  any  programming  procedure,  for  even  the  original 
programmer  can  easily  forget  Important  details. 

15.12  Operating,  checking,  mail. Gaining  liaison,  and  taking  and  transmitting 
final  results  to  the  user  (problem  proposer).  In  these  phases,  maintenance 
of  the  CPC  log  books  should  be  kept  consecutively  and  dates  of  transmittiul 
^f  each  portion  of  results  should  be  recorded  on  far si  mil  a bound  copies 
retained  in  nM  II.  nil  transmitted  results  and  these  AM  II  copies  should 

be  initialed  by  the  programmer  or  machine  technician  who  has  carried  out 
operation  for  the  bulk  of  the  cook. 
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10.13  When  a problem  has  been  completed,  an  AML  report  of  completion  (where 
AML  stands  for  "Applied  Mathematics  Laboratory’  ) should  be  immediately  pre- 
pared and  -.rai. emitted  to  AM,  ohovln^  briefly  what  lias  been  completed;  this 
is  an  administrative  rather  than  a technical  report.  Furthermore , where  a 
tias  oeen  jxirtially  or  wholly  formulated  in  the  branch  or  division, 
or  'where  novel  .application  and  development  of  numerical  analysis  has  been 
made,  a formal  Technical  Note  or  NevOrd  Report  should  be  prepared  as  soon 
as  possible. 
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APPENDIX 

lb.  The  foregoing  coding  instructions  may  be  applied  to  the  CPC  Model  I 
with  the  exceptions  and  additions  noted  below. 

16.1  The  following  arc  not  available  on  Model  1. 

shift  U,  V,  W (5-7.3) 
shift  Y,  Z (6.4) 

Read  4b  into  V re^i^ter 
Read  39  into  W register 

10.1.1  Both  banks  of  the  91*!  electromechanical  storage  are  react  to  zero 
by  an  "X''  punch  in  column  20. 

16.1.2  Any  number  stored  in  412  storage  71  must  be  less  than  0.1000000. 

16.1.3  The  absolute  value,  positive  or  negative,  of  the  previous  Z result 
may  not  be  called  into  W. 

l6.2  Or.  the  CPC  Model  1,  transcendental  functions  are  available  only  when 
special  function  panels  are  used.  These  panels  cause  the  Model  I to  operate; 
as  a single  operation,  two  address  system  for  algebraic  operations;  single 
_ operation,  single  address  system  for  square  root  and  transcendental  functions. 

■J 

16.2.1  The  W address  is  always  blank. 

16.2.2  For  square  root  and  transe  -ndental  functions  the  argument  is  addressed 
to  U and  tr.e  V address  is  09. 

16.2.3  Table  of  Function  Beard  Codes 


Operation 

Code 

Column  16  Column  iy 

J plvi ; V 

C. 

0 

U plus  V plus  previous 

result 

? 

2 

U divided  by  V 

3 

0 

V divided  b;,  V 

4 

0 

Remainder  of  U divided 

by  V after 

5 places  of  qiotient 

3 

5 

Remainder  or  V divided 

by  U afLei 

5 places  of  quotient 

r% 

* 

U multiplied  by  V 

5 

0 

b’  multiplied  by  V ; lus 

previoti  rc 

suit 

5 

2 

cosine  U 

2 

8 

hyperbolic  cosine  U 

2 

9 

-,lnc  U 

“N 

J 

8 

hyperbolic  _,lne  U 

3 

J 

9 

exponent 1 il  U 

6 

7 

square  root  U 

6 

7 

re  tangent.  U 

7 

8 

..r  c b'/perbol  ic  tangent 

U 

n 

i 

O 

s 

natu.  al  logarit'un  U 

9 

7 

24 


1 


NAVDRD  Report 


APPENDIX 

continued 

lo.L’.-.l  The  previous  result  is  addressed  a.,  ay. 

16.2.3.2  Tnere  is  no  99  address  with  this  panel. 

io.2.3-3  The  range  of  permissible  arguments  is  same  as  for  Model  II. 

l6. 2. U Section  13-2-9  does  not  apply  to  the  Model  I.  A positive  absolute 
•value  is  indicated  by  an  R to  the  right  of  the  address  code.  A negative 
absolute  value  is  not  indicated. 


ttuclusent 


Attachment 


BLOCK  DIAGRAM  FOR  CPC  GENERAL-PURPOSE  CONTROL  PANEL 


PANEL  TO  SC 
WIRCO  FOR 
CARD 

PUNCHING 


Ae  robali- Stic  Research  Department 


External  Di  atribntion  List 

No  ot 

r.cg;«  s 
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Department  of  the  Navy 
Washington  2 5.  D C.. 

1 Attn:  Rea 

1 Attn;  Rexe 

\ Attn:  Re  9* 

Chief,  t'l'reau  Aeronautic* 

Depaitment  of  the  Navy 
Washington  2 6,  D C. 

1 Attn:  AER-ID-iM 

1 Attn;  RS-7 
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U S Naval  Ordnance  Teat  Station 
Inyoke  r n 

P.O  China  Lake.  California 

2 Attn:  Technical  Library 

1 Attn:  Code  600} 

Commande  r 

U.S.  Naval  Air  M'aaile  Teat  Center 
Point  Mugu.  California 

2 Attn:  Technic*.;  Library 

Superintendent 

U.S  Naval  Postgraduate  School 
Monterey,  California 
1 Attn;  Librarian 

Commanding  Officer  and  Director 
David  Taylor  Model  Basin 
Washinglon  7,  D.  C 

1 Attn;  Hydrodynamic*  Laboratory 

Chief  of  Naval  Research 

Navy  Researcn  Section 
Library  of  Congresj 

2 Washington  US.  D.  C 

Office  of  Naval  Research 
Washington  2S.  O C 
1 Attn:  Code  4J2 

1 Attn;  Code  4 }8 

1 Attn:  Code  46  } 


Director 

Ne..al  Research  Laboratory 
Is  a sting  ton  2 6,  D C 
1 Attn:  Code  2021 

1 Attn:  Code  1800 


Research  and  Development  Board 
Library  u ranch 
Pentagon.  101041 
1 Washington  26,  D C. 


Chief.  AFSWP 
P O Box  2610 
Washington.  D.  C 
I Atm:  Technical  Libraiy 
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Air  T.rgi's  Division 
Directorate  of  1 n i e 1 1 : g » r.c  v 
iie»ltinr'.:rs,  USAF 
Waanmoioi.  26.  D C 

1 Afn-  Cine'.  Physical  Vulnerability  Br 

1 Attn  AFDRD  P.E 

Commanding  General 

Hrtqts.  Wright  Air  Development  Center 
W right -Palte  rson  Air  Force  Base 
Dayton.  Ohio 

1 Attn.  WCfSO 

7 Attn.  WCAPD 

2 Attn:  W'LKt*. 

Phyaica  Brarch  _ 

Diviaion  of  Research 
U S.  Atomic  Energy  Commission 
1 Washington  26,  D.  C. 

Director 

Maxwell  Air  Force  Base.  Alabama 

1 Attn;  Air  University  Library 

The  Artillery  School 

Antiaircraft  and  Guided  Missiles  Br 

Fort  Bliss.  Texas 

2 Attn-  Research  and  Analysts  Sec 

1 Attn:  Prea  Array  Field  Force s . Boa rd  # 4 

Ballistic  Research  Laboratories 
Aberdeen  Proving  Ground 
Aberdeen.  Maryland 

2 Attn;  D S.  Dederic’n 

National  Bureau  ot  Standards 
Washington  26.  D.  C. 

1 Attn;  Nat'l  Applied  Main.  Lao 

1 Attn.  W Ramberg 

1 A t : t. . i^itrana.ntOrrf  Dev  D;v  1 

National  Bureau  of  Standards 
Coror.a  Labcrstories  (Ord  Dev  Div  ) 
Corona,  California 
1 At’.!.  Dr  Harold  Thomas 

National  Bureau  of  Standards 
Duiid  ng  )U.  UOI.A  Campus 
406  Hilgard  Avenue 
I Los  Angeles  24.  California 
Attn:  Librarian 

University  of  California 
Berkeley  4.  California 
1 Attn:  G J Maslach 

1 Attn:  Dr  S.A.  Schaaf 

VIA:  InsMat 

California  Institute  of  Technology 
Pasader.a  4.  California 

2 Attn:  Libr arian*(Guggenhe i m Ac  - . o) 

1 Attn:  Prof  M S Plesaet 

VTA  : ft  n A e rn  Rep 


No  of 
C.opie s 

University  o!  l.linois 

:o2  s.  r l 

Urba.ia.  Illinois 
1 At:  r.  • Prof  AH  Taub 

VIA  Ip  » Mat 

I':  r CP  tor 

Fluid  Dynamics  and  Applied  Main 
Uni.*rj::y  of  Maryland 
I College  Park.  Maryland 
VIA:  InsMai 


University  of  Michigan 
Engineering  Research  Instuotc 
Ypsilanti,  Michigan 
I Attn:  J.W  Carr.  Ill 

Willow  Run  Research  Center 
Willow  Run  Airport 
University  of  Michigan 
Ypsilanti.  Michigan 
I A: tn:  L.P  Biasel! 

VIA:  InsMat 

University  of  Minnesota 
Rosemount.  Minnesota 
I Attn  J.  Leonard  Frame 

VIA:  Ass  t InsMat 

Dept  of  Aero.  Er.gr 
The  Ohio  State  University 
Columbus.  Ohio 
I Attn:  G L Von  Eschen 

VIA:  Ass't  InsMat 

Polytechnic  Institute  of  Brooklvr 
S9  Livingston  Street 
Brooklyn  2.  New  York 
1 Attn:  Dr  Antonio  Ferri 

VIA:  ON  11 

University  of  Wisconsin 
Naval  Research  Laboratory 
A22  Farm  Place 
1 Madison  6.  Wisconsin 

VIA:  InsMat 

Princeton  University 
Fnrresial  Research  Center  Library 
Project  Squid 
Princeton,  New  Jersey 
1 Ann:  M If  Smith 


Armour  Research  Foundation 
IS  West  i rd  Stree  i 
Chicago  lt>.  Illinois 
! Attn  Engr  Mich  Div 

Applied  Physic1  Labor  itory 
The  Johns  Hopkins  t'r.i/ersny 
16 J I Georgia  Avenue 
oncer  opring  Maryland 
1 Attn  Arthur  G.  Norm 

V i A 1 i i \ i 


No  of 
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Offense  Research  Laboratory 
University  u!  Tost 
Box  I.  University  Station 
1 Aus'in.  Texas 
Attn:  InsMat 


Eastman  Kodak  Company 
*>0  West  Main  Street 
Rochester  d,  .New  York 
Attn:  Dr  H.  Troner  Ji 
VIA  NiO 


C*nerai  Electric  Company 
Bldg  #1.  Campbell  Avenue  Plant 
Schenectady.  New  York 
1 Attn;  Joseph  C.  Hoffman 

VIA:  tuxMach. 

Trie  Rand  Corporation 
1S00  Fourth  Street 
Santa  Monica.  California 
1 Af'n  Librarian 

VIA:  InsMat 

Dougtaa  Aircraft  Company.  Inc. 

1000  Ocran  Park  Boulevard 
Santa  Monica.  California 

1 Att-i:  E.F  Burton 

VIA:  BuAero  Rep. 

hor*b  American  Aviation.  Inc. 

I22ld  Lakewood  Boulevard 
Downey.  California 

2 Attn:  Arrophyaics  Libraiy 

VIA:  OiiAero  Rep. 

National  Advisory  Commititc  fyt  Aero 
I 72d  F Street  Norlhweil 
Washington  25.  D.  C 
6 At'n:  E B Jackson 

Ames  Ae rona jt ic al  Laboratory 
Moffett  Field.  California 
< Attn:  Dr  A.C  Charter 

Langley  Aeronautical  Laboratory 
Langley  Field.  Virgin  * 

1 Aitn  Theoretical  Aerodynamic  a D: - 

1 Attn  Dr  A Buseinarvn 

I Attn:  J Stack 

NACA.  Le“is  Plight  Propulsion  Lao. 
Cleveland  Hopkins  Airport 
Cleveland.  11  Ohio 
I Ann.  Dr.  John  C Evvard 

Hiitvard  University 
.’  t Vanserg  Building 
Cambridge  3K,  Massachusetts 
I Attn:  Prof  G.  Birkhoff 

Johns  Hopkins  Ur.i..i,.ly 
Charles  and  3"l'.h  Streets 
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' Atfr  Dr  F 11.  Clause  r 
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New  York  Umvrrs.ty 
4S  Fourth  Avanur 
New  York  ),  New  York 
1 A:!".-  Hr  R Courmt 

Cjl:f)rr,i»  Institute  o(  Technology 
Pasadena  4,  California 
i Attn'  Dr  Hans  W Uieproann 

University  of  Toronto 
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Toronto  5,  Ontario 
1 Attn:  Di  G.N  Patterior. 
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Hughes  Aircraft  Company 
Missile  Aerodynamics  Department 
Culver  City.  California. 

1 Attn4  Dr.  Allen  E.  Puckett 

Institute  for  Advanced  Study- 
Professor  John  von  Neumann 
1 Princeton.  New  Jersey 

University  ol  Michigan 
Willow  Run  Res*  arch  Center 
1 Yps.lantl.  Michigan 

DigitcJ.  Computer  Laboratory 

University  of  Illinois 
Champaign,  Illinois 
1 Attn:  Professor  J.  P.  Hash 

VIA:  ONR 

International  Business  Htchinep  Corporation 
mi  Connecticut  Avenue,  S.  W. 

Washington  6,  D.  C. 

1 Attn:  Dr.  G.  W.  Petrie 
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Brown  University 
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University  of  California 
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